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Limited-View Scanning Photoacoustic Imaging Based on Algebraic
Reconstruction Techniques

Wang Yi Tan Yi
(Institute of Laser Life Science, South China Normal University, Guangzhou 510631)

Yang Diwu Xing Da Yin Bangzheng

Abstract: Since the reconstruction with the filtered backprojection (FBP) algorithm needs sufficient views to all
points in the “detection region”, it requires a quite long time to get enough data, which restricts the application in
the medical field. The limited-view photoacoustic imaging based on algebraic reconstruction techniques (ART) was
studied. A Q-switched Nd: YAG laser operating at 1064 nm was used as light source. The laser had a pulse width of
6 ns and a repetition frequency of 20 Hz. A needle polyning lidene difluoride (PVDF) hydrophone with diameter of
1 mm was used to detect photoacoustic signals. The simulations and experiments demonstrated that ART works well
for limited-view data in photoacoustic imaging, and ART can improve the resolution and contrast of reconstruction
images compared with the FBP. Limited-view photoacoustic imaging based on ART has far-reaching significance to

noninvasive medical inspectable technology.
Key words:

1 5 75

6 P BB 2 — BT B A W AL BRSO ¥R TR R
JUESIR T Z R EN ", X T IEH AR FE
H, HOLR L E — o 1~55, Rl AN
i o 9 5 B 3 B2 2 AR B I R R AR B
R,OEF BB G T AR FRBR AL EF LB
MR . BT RIS RE , 228 9 R 8 B IR B % AR Bk
I FR) TR, S B BR K B B T 7 A S SRR R

imaging systems; photoacoustic imaging; algebraic reconstruction techniques; limited view

SHRANFE T EYHRMERE R ZER, KB
TH R GEMREAE , R i i e 4 RAGB B 22 57 A
AL HRAE , PR N AN ) AR BECAR 285 FR) A ) 4 40 D I TR
WA 7] il gL B 9 A 2 4R 38 O By % Wi B JAT R GE R
HAERBRES ., Wik, bFEESHERBE R B
HEMRIFIEE SR .

UTAER  JE7T LR N AT 52 B s, 3 T
R RR TR BN, Xu S0 A1) T B0H i I 808 L

* E R BARF IS (60378043) . E Z E K ILREBT I AT B % I (2002CCC00400) FI TR A H R P % H 4 FI AT H (015012)

RERE.

YEFEF A HER(1975~), 5, I8 & A BB Lok R HOW, 8 L, EENFCHE BTG B P WA

* * EIEB R A . E-mail; xingda@scnu, edu, cn
e#% B H: 2004-07-12; IR BB ECHE B 9. 2004-11-05



6 Wik e B TARE R AR A R B O R 773

ATk P B R E s Kruger %870 5% H ¥ = 4k h 7R
(Radon) A8 4 ¥k LB 75 AR s Wang S50 42 13 3
THES R RO E S 05 RKOEHE AT %.
DA 3 0 ) B 1k TSR Xk AR X SR AT 2 07 L 1
DABREXSE 28 W BOR B0 » D L B By i R SR K
BB A& RN AR BRI RZER. BT A
(RBRRE , TER SO T A AT BRI AN 7 06 5 5
S, HHOLEES R ERS I T N AR E 13 L
Jr i b 3 AR R 2 B 32 B0 E R

AR THEARMAE T RARBELR LR
AR I S IR R B BB RS T B, o
90°.120°1 180°FK# B2 T AT T 11 B A 5K B B 19
HEEZ. FAEMISEREREN ABLEEH &%
(ART) BUGBCR U B AR T i R B Bk, I EA
MRAET  RARKERREEERZ R LE
MO HARGE THE—PRUENER.

2 I i
2.1 xEEig

7 B R Ao O IR A FR 2 IR 23 A B R . TR
ERFE-EERBROEEE pGH0 FERIER
Bk oA Ar) BRR W LLRR R/

t

3@5 AGHdY —— 4“szjp<r,t’)dt’, D
| ¥—=r, | =c 2 ﬁIOT 0

H pREREKRE co BAEc, WL N
W3k, r TR R S LB L FR 675 WA
B, |r— | RAG R BE S IE R . b T HR0 25 B
BE RS ARERKEERFES pGrh0, TREA
FEANRI A5 0 Bk e B2 A (o) BB R R T U8 E BRI
i B Ik e i 7 6 7S R A0 K b i 1 £ 5 R AR e B
WIRAL B , SR 5 P8 AL 175 2

o = 5 L1+ ()] @

Horp 7t bR g i B AR e, p () F1 I () 23 312
FRU 2552 Y 2 B 06 75 15 5 AR I 2% 6 Bk o e 7 ) £
B A, 0. HEIEFER, 14 cos(nw/w.) 2 IEIEK
T PR B R 25 B Jok e 7 2 5 A 2R AR o7 A L 5 L
NRAED PR B EREHERES, KT
1 R 5 T H W B WG 15 5 AR A SR 00 2% 1 ik o
e A5 5
2.2 RY=EBEZE
RUEEREEEREER LN —F, A #

B B B R X BIAE T — JF o w18 7% 2 i R AR B A
AR E X B —E 5B R B R X8R
5}%7 J= nXm{%? » A Xi.j %ﬂ—‘%%fﬁJﬂ vy E VN
ACE T, Hoe Uh
1, A KHRER BRENE K
" o, b ’
(3
FARBEZAZERERN S BAR . D BRI
AR 2) S BB AR M, 3) SR A AH B 7 AR A% A
MEAEER. RBEEEEEAERCFE ERR R
P, —sTX®
XM = XP 2@ 2, (D)

[rg I %
. k
1y, — k_ent<T>I+19 (5)

Hrp b RFRERKEp, KL EKEEE,
ent fARICEH LAY RABIBE T,

REERZBEENEADER. BRE—WHE
B X RJERE XO R—YOEMER XV, FRE
XV RZYGEBIEGR X, a4k s, B 200 R BUE
FAE A AL, R X7 R X m R — & IEAE
AX® ,AX™ R B — 5T &I 5T R B I ) (il
Wi SHED B ENBRRELRRT i SHEET
MABEREK . T —BUE BT —FKHX icn THEK
B2 BB IERIR S I8 — &5 R i ST &R AR IE
ZHREIWTERR.

AR ERR RN, L8R HA RKK S
RURE H i W S ol R 1

I
v® = DV (pi— (ri, XP N, (6)
i=1
BERE —H WARE e, 2
Eerr = \'Z U(k)/I < e’ (7)

B o 2 1R B Eer BIRZE FEAH e = 0. 01,

RN REERRLENERRESE DS
W R EEMEY, MERNEBEHRI<<J/3U K
BEHH SEAREBEFHEBERLT, RBEEEZB BN
R BRI R B B A, BB ERR LA —
B AR 48 1 B R R Rl $

3 i E
IS BB =AM i ALB AT CL 3R

¥ 0.2 cm X 0. 8 cm, ¥ f& Z [A] ) o 0> 7] BE K
0. 32 cm, A& 1) fi7m.



774 Xt &4

x/em
2.0

705 10 L5 20
xlem

0 3,_ ]
05 1.0 15 20

0 05 10 15 20
x/cm x/em

2.0

Il
I

,
:
L5,
;
i
;
10|

0.5

0

|
|
|
0 05 10 15 20

B 1 PR RBETE 90°.120° 180T KB R ILE . () HEYE, (O~ RBEERREERSR,
(~(p) WERBFEHEERLER

Fig. 1 Simulations comparison with two different algorithms at the angle of 90°, 120°and 180°. (a) Photograph of the

sample, (b)~(d) simulations with ART algorithm, (e)~(g) simulations based on FBP algorithm

SRR R RS H R 1,2,4,F
SRR R 0 R ARE RZRBEAE
BELPL 22 51, #2 20 AR 2% 5 51 AE 90°, 1207 F0
180 M E A 1, AW E42 K 5 cm, FARH#E (1 X 451
THE A SR I, XOEE R ETRB R ES &
1t SL(Sheep and logan) J& I #% , 5 5 7 Bl A FH IR #¢
FHEMRBERRELREK. B 1(b)~E 1(d)4r
FRA AR ERB LA 90°,.120°F 180° K5 H 45
R NEENWERATUER, BROAZDBRT
90°F MARTES , HARH GBI 5 Wy (R AR 47 X bz, 1]
ELxoF b BE Aoy BE S 8475 B 1 (e ~ B 1(g) 433 J2: )
FHOEUE I B BB AE 90°.120°F1 180° F W1 E 45
FNEEWERTUE S, BERMhRKRE, B&
Yk B RAEDIE, Y IRER— R, JL AKX 5.
BP DG B4 R LU, FE B BE R 2 2 nf, REL
HERRNE SR L N E RN
I, BV ER M R AN R R T — M E
.

4 SEWITIE

SR E WA 2 Bin, IR Nd: YAG Jik b
%, WK K 1064 nm, K FEH 6 ns, B R Z
20 Hz, 5250 % AW ERI A% 25 RN EEIL R —H 4
(Polyviny lidene difluoride, PVDF) JI& i) 7K UF £%
(Precision acoustic Ltd i) , W EFE % 1 mm, HE

) 52 45 B A 850 n'V/Pa, #5i F i i 75 Bl & 200 kHz~
15 MHz, Hedh BRI & L, B S 2%
R LR A s » ZK T 8 L Y SRAR) TE %o 7 1o B9 75 — 00 43¢
W55 5@ B KM ER KRS EEAR TR
2% (TDS3032, Tektronix , 5 & SR FEHK 2.5 G, 5
300 MHz) , 8 F 7 il a5 4 R & B DG FE (5 5 T 48 512
WP B 438 H 8 0 8 2R (General purpose
inferface bus, GPIB) Rk i+ H VLA . L5 ik vhik
AR L B IR — ik 2 R Ak % R0 % R W B IO
FES xR E S HERNEBEELHEF SN
FE B U B 0 4 ) 6 AR T IR] , 2 3 DA 7S R R Ot A
VR AR, L5 s B MR SRR
250 MHz, @A MAE R 1.5 km/s, SRy B3R AL
HRFERIFE R 3. 6°, BRI 4% R4 50 ML B KOEH

.

Trigger
source

f—— |

YAG laser

Ground glass

] Hydrophone
Sample

K2 SRRE

Fig. 2 The experimental setup



6 Wik e B TARE R AR A R B O R 775

LHAEM T 3 g BB 100 g KA 2 ml ¥R BER, HEEN 1 mm, RN 3.5 mm, WE N
4 20 %01 intralipit W N #E) 80 CIEERIELEM 5 mm, SLFAEG R B 3() Fis .
HYe ARG T AR . R vP R A R YR B I e

2.

1.0 . .
w/em a/em xlem

1.0

y/em

0 0.5 1.0 1.5 2.0 0. 1.0 1.5 2.0 0 0.5 1.0 1.f 2.0
xfem x/em afem

Bl 3 FRCRREIBKRTE 90°,118. 8%, 180° M AR ERILE . (OHEGHBF, WO~(DARKUBERELRERLR,
(O~ () WUERBHAEERLER
Fig. 3 Photoacoustic imaging comparison with two different algorithms at angles of 90°, 118, 8° and 180°. (a) Photograph
of the sample, (b)~(d) photoacoustic imaging with ART algorithm, (e) ~(g) photoacoustic imaging with FBP algorithm
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